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Abstract A one-pot room-temperature procedure is developed for an efficient reaction of 2-
aminothiophenols with 2-bromoalkanoates in ionic liquid [bmim][NO3] to obtain high yields of different
benzothiazin-3-ones under base- and additive-free conditions. Products are easily separated from the
reactionmixtures by Et2O extraction. Notably, condensation of the extract under reduced pressure results
in precipitation of the products and, consequently, no chromatographic separation is needed. The ionic
liquid can be recovered and successfully recycled into subsequent reactions without significant loss of
activity.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY license. 1. Introduction
There is a world-wide demand in the new millennium for
more severe environmental enforcements to lower or eliminate
the use of toxic reagents and solvents. In this connection, Ionic
Liquids (ILs) have emerged as green and reusable solvents in
different areas of chemistry [1–3]. Notably, ILs can be tailored
tomeet particular physical and chemical demands, and increase
the selectivity and reactivity of various transformations [4–7].
This feature is of great importance in today’s synthetic organic
chemistry, and, therefore, IL’s are, nowadays, among very
promising benign surrogates for classic organic solvents. In
addition, IL’s are recoverable in many instances, have very low
vapor pressure and high thermal stability, can dissolve many
organic reactants, and have relatively long shelf lives [8–10].
Structures of type 3, which represent the 2H-benzo[b][1,4]
thiazin-3(4H)-one moiety, are considered as important hete-
rocycles, due to featuring biological [11,12], medicinal [13,14],
and agricultural [15] characteristics. Therefore, these com-
pounds have been the target of extensive synthetic studies. One
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consisting of the addition of thiol acetate to halonitrobenzenes,
plus the reduction of the nitro moiety, and then a cyclization
step [16,17]. Other methods are:
(1) Cyclization of o-aminothiophenols or their disulfide equiv-
alents with α-substituted carbonyl compounds [18–21];
(2) Substitution of chlorine in 2-chloroanilines with Na2S
to give an aminothiophenol intermediate, which further
annulates with chloroacetic acid derivatives [22];
(3) Combination of 2-chlorothiophenols with chloroacetyl
chlorides and amines in one-pot [23,24];
(4) Ring enlargement of smaller heterocycles into a benzoth-
iazinone structure [25,26].
However, there is still a need for more convenient and
efficient methods for the synthesis of 3, since many of the re-
ported procedures are carried out in a step-wise fashion, re-
quire elevated temperatures, involve uncommercially available
reagents, and are low yielding.
In the framework of our studies on heterocyclic systems
[27–29], and in continuation of our previous research on the de-
velopment of environmentally benign methodologies [30,31],
we would like to report a base-free [bmim][NO3] mediated an-
nulation of 2-aminothiophenolswith 2-bromoalkanoates, using
no other additive (Scheme 1). The present one-pot work em-
ploys mild conditions and involves a broad range of reactants.
In addition, reactions take place at ambient temperature and
the IL can be reused efficiently in subsequent reactions.
evier B.V. Open access under CC BY license. 
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2. Experimental
2.1. General
Progress of the reactions was monitored by TLC using silica
gel coated plates and EtOAc/hexane solutions as the eluent.
Melting points are uncorrected. FT-IR spectra were recorded
using KBr disks on a Bruker Vector-22 infrared spectrometer
with absorptions being reported as wave numbers (cm−1).
1H NMR (500 MHz) and 13C NMR (125 MHz) spectra were
obtained on a FT-NMR Bruker Ultra ShieldTM instrument as
CDCl3 solutions, and the chemical shifts are expressed as δ
units with Me4Si as the internal standard. Mass spectra were
recorded on a Finnigan Mat 8430 apparatus at ionization
potential of 70 eV. Elemental analyses were done by a Thermo
Finnigan Flash EA 1112 instrument. [Bmim][NO3] was prepared
using available procedures [32] and recovered by removing its
volatiles under reduced pressure at 50 °C for 1 h. Reagents were
purchased from commercial sources and were freshly used
after being purified by standard procedures. The identity of the
known productswas confirmed by comparison of their physical
and spectroscopic datawith those reported. Newproductswere
characterized by 1H NMR, 13C NMR, IR and mass spectrometry,
and their purity was confirmed by elemental analyses.
2.2. Typical procedure
A mixture of 1 (1 m mol) and 2 (1 m mol) in [bmim][NO3]
(1 m mol) was stirred in a flask at room-temperature for 1 h.
After reactions were completed (based on TLC monitoring), the
reaction mixture was extracted with Et2O. The etheral phase
was washed with brine, dried over anhydrous Na2SO4, and
concentrated under reduced pressure to obtain product 3. The
product was purified by recrystallization from ether. The IL
was recovered by evaporating its volatile content and reused
in subsequent reactions.
2.3. Spectral data of new products
6-Chloro-2-ethyl-2H -benzo[b][1,4] thiazin-3(4H)-one
(3dd). White solid: mp 140–142 ˚C; 1H NMR (500 MHz, CDCl3)δ
9.58 (br s, NH), 7.26 (d, J = 8.0 Hz, 1H), 7.02 (d, J = 2.0 Hz, 1H),
6.99 (dd, J = 8.5, 2.0 Hz, 1H), 3.35 (dd, J = 8.5, 6.0 Hz, 1H),
1.98-1.94 (m, 1H), 1.67-1.64 (m, 1H), 1.10 (t, J = 7.5 Hz, 3H);
13C NMR (125 MHz, CDCl3) δ 168.9, 137.4, 133.0, 129.6, 124.2,
117.4, 117.3, 44.6, 23.6, 11.7; IR (KBr) 3188, 2964, 1855, 1664,
1465, 1097, 866, 740 cm−1; MS 227, 198, 170, 134, 95, 69, 39,
27; Elemental analyses calcd for C10H10ClNOS: %C, 52.75; %H,
4.43; %N, 6.15; %S, 14.08. Found: %C, 52.77; %H, 4.48; %N, 6.10%;
%S, 14.00.6-Chloro-2-propyl-2H-benzo[b][1,4] thiazin-3(4H)-one
(3de). White solid: mp 129–131 ˚C; 1H NMR (500 MHz, CDCl3)δ
9.35 (br s, NH), 7.26 (d, J = 8.5 Hz, 1H), 7.02 (dd, J = 8.0, 2.0 Hz,
1H), 6.96 (d, J = 2.0 Hz, 1H), 3.44 (dd, J = 8.5, 6.0 Hz, 1H), 2.08-
1.89 (m, 1H), 1.64-1.62 (m, 2H), 1.61-1.59 (m, 1H), 0.96 (t, J =
7.0 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 168.9, 137.3, 133.0,
129.6, 124.3, 117.5, 117.2; 42.6, 32.1, 20.3, 13.8; IR (KBr) 3194,
2956, 1853, 1666, 1469, 1228, 800, 673, 540 cm−1; MS 241,
154, 138, 114, 59; Elemental analyses calcd for C11H12ClNOS:
%C, 54.65; %H, 5.00; %N, 5.79; %S, 13.26. Found: %C, 54.36; %H,
4.97; %N, 5.33%; %S, 13.22.
6-Chloro-2-(2-hydroxyethyl)-2H-benzo[b][1,4]thiazin-3
(4H)-one (3df).White solid:mp 132–133 ˚C; 1HNMR (500MHz,
CDCl3)δ 10.11 (br s, NH), 7.07 (d, J = 8.5 Hz, 1H), 6.88 (d, J =
2.0 Hz, 1H), 6.80 (dd, J = 8.5, 2.0 Hz, 1H), 3.65-3.56 (m, 2H),
3.50 (t, J = 6.0 Hz, 1H), 1.96 (br s, OH), 2.03-1.96 (m, 1H), 1.66-
1.59 (m, 1H); 13C NMR (125 MHz, CDCl3) δ 168.1, 138.2, 132.6,
129.2, 123.4, 117.3, 117.2, 58.9, 39.4, 32.8; IR (KBr) 3194, 2954,
2364, 1668, 1471, 800 cm−1; MS 243, 212, 170, 116, 95, 69, 55,
43, 31; Elemental analyses calcd for C10H10ClNO2S: %C, 49.28;
%H, 4.14; %N, 5.75; %S, 13.16. Found: %C, 49.16; %H, 4.17; %N,
5.46%; %S, 13.14.
7-Fluoro-2-(2-hydroxyethyl)-2H-benzo[b] [1,4]thiazin-
3(4H)-one (3ef). White solid: mp 110–111 ˚C; 1H NMR (500
MHz, CDCl3) δ 9.93 (br s, NH), 6.91 (dd, J = 8.3, 2.7 Hz, 1H),
6.85 (dd, J = 8.8, 5.0 Hz, 1H), 6.90 (ddd, J = 8.8, 8.2, 2.7 Hz,
1H), 3.70-3.61 (m, 2H), 3.55 (dd, J = 8.2, 6.4 Hz, 1H), 3.27 (br s,
OH), 2.08-2.01 (m, 1H), 1.72-1.66 (m, 1H); 13C NMR (125 MHz,
CDCl3) δ 168.0, 159.6, 157.6, 133.4, 132.8, 120.6, 120.5, 118.5,
118.5, 115.0, 114.8, 114.3, 114.1, 59.1, 39.5, 32.9; IR (KBr) 3188,
2877, 1859, 1654, 1489, 808, 605 cm−1; MS 227, 209, 168, 154,
83, 69, 29; Elemental analyses calcd for C10H10FNO2S: %C, 52.85;
%H, 4.44; %N, 6.16; %S, 14.11. Found: %C, 52.54; %H, 4.83; %N,
6.34%; %S, 14.01.
Ethyl 7-methoxy-3-oxo-3,4-dihydro-2H -benzo[b][1,4]
thiazine-2-carboxylate (3cg). White solid: mp 138–139 ˚C; 1H
NMR (500 MHz, CDCl3) δ 10.03 (br s, NH), 6.85 (d, J = 8.7 Hz,
1H), 6.73 (d, J = 2.7 Hz, 1H), 6.63 (dd, J = 8.7, 2.7 Hz, 1H), 4.12-
4.07 (m, 1H), 4.07 (s, 1H), 4.05-4.00 (m, 1H), 3.67 (s, 3H), 1.08
(t, 7.1 Hz, 3H); 13C NMR (125MHz, CDCl3) δ 167.3, 162.6, 155.9,
130.6, 118.7, 118.0, 114.1, 112.7, 62.6, 55.9, 45.6, 14.2; IR (KBr)
3184, 2951, 1730, 1676, 1492, 1282, 866, 812, 628 cm−1; MS
267, 194, 166, 123, 96, 69, 45, 29; Elemental analyses calcd for
C12H13NO4S: %C, 53.92; %H, 4.90; %N, 5.24; %S, 12.00. Found: %C,
53.62; %H, 4.85; %N, 4.84%; %S, 12.12.
Ethyl 7-methoxy-2-methyl-3-oxo-3,4-dihydro-2H -benzo
[b][1,4]thiazine-2-carboxylate (3ch). White solid: mp 127–
128 ˚C; 1H NMR (500 MHz, CDCl3) δ 8.52 (br s, NH), 6.86 (d, J =
2.6 Hz, 1H), 6.84 (d, J = 8.7 Hz, 1H), 6.78 (dd, J = 8.7, 2.7 Hz,
1H), 4.19-4.12 ((m, 1H), 4.10-4.03 (m, 1H), 3.80 (s, 3H), 1.82 (s,
3H), 1.07 (t, J = 7.1 Hz, 3H); 13C NMR (125MHz, CDCl3) δ 170.0,
166.5, 156.25, 130.4, 120.2, 118.0, 114.4, 112.6, 62.7, 56.0, 50.5,
19.7, 14.2; IR (KBr) 3192, 2964, 1735, 1668, 1494, 1222, 815,
615 cm−1; MS 281, 209, 181, 166, 138, 96, 84, 60, 30; Elemental
analyses calcd for C13H15NO4S: %C, 55.50; %H, 5.37; %N, 4.98;
%S, 11.40. Found: %C, 55.56; %H, 5.45; %N, 4.95%; %S, 11.31.
Ethyl 2-ethyl-7-methoxy-3-oxo-3,4-dihydro-2H -benzo
[b][1,4]thiazine-2-carboxylate (3ci).White solid:mp 102–103
˚C; 1H NMR (500 MHz, CDCl3) δ 9.03 (br s, NH), 6.89 (d, J =
2.6 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 6.78 (dd, J = 8.7, 2.7 Hz,
1H), 4.20-4.15 (m, 1H), 4.14-4.08 (m, 1H), 3.80 (s, 3H), 2.30-2.20
(m, 2H), 1.16 (t, J = 7.3 Hz, 3H), 1.11 (t, J = 7.0 Hz, 3H); 13C
NMR (125MHz, CDCl3) δ 169.3, 166.2, 156.2, 130.0, 120.3, 118.1,
114.3, 112.8, 62.7, 56.8, 56.0, 26.1, 14.3, 9.9; IR (KBr) 3186, 2968,
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Entry Reactants Product Time (h) Yield%a
1 1a+2a 2 83
2 1a+2b 2 88
3 1a+2c 24 92
4 1b+2b 0.5 93
5 1c+2a 0.25 89
6 1d+2d 2 92
7 1d+2e 4 90
8 1a+2f 1 90
9 1d+2f 2 85
10 1e+2f 3 82
11 1a+2g 1 92
12 1a+2h 1 90
13 1c+2g 3 88
(continued on next page)
558 A. Sharifi et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 555–560Table 1 (continued)
Entry Reactants Product Time (h) Yield%a
14 1c+2h 3 88
15 1c+2i 3 90
16 1f+2g 1 91
17 1f+2i 1 88
a Isolated yields.1724, 1494, 1247, 825, 655 cm−1; MS 295, 22, 194, 166, 136, 80,
69, 29; Elemental analyses calcd for C14H17NO4S: %C, 56.93; %H,
5.80; %N, 4.74; %S, 10.86. Found: %C, 56.57; %H, 5.65; %N, 4.74%;
%S, 11.01.
Ethyl 7-chloro-3-oxo-3,4-dihydro-2H -benzo[b][1,4] thia-
zine-2-carboxylate (3fg). White solid: mp 152–153 ˚C; 1HNMR
(500 MHz, CDCl3) δ 8.94 (br s, NH), 7.35 (d, J = 2.2 Hz, 1H),
7.20 (dd, J = 8.5, 2.2 Hz, 1H), 6.87 (d, J = 8.5 Hz, 1H), 4.24 (s,
1H), 4.24-4.14 (m, 2H), 1.18 (t, 7.1 Hz, 3H); 13C NMR (125 MHz,
CDCl3) δ 166.7, 163.5, 134.8, 129.6, 128.2, 127.9, 119.0, 118.4,
66.2, 45.0, 15.7; IR (KBr) 3473, 3188, 2947, 1749, 1676, 1240,
821 cm−1; MS 271, 198, 170, 135, 108, 95, 69, 45, 29; Elemental
analyses calcd for C11H10ClNO3S: %C, 48.62; %H, 3.71; %N, 5.15;
%S, 11.80. Found: %C, 48.37; %H, 3.48; %N, 5.38%; %S, 12.05.
Ethyl 7-chloro-2-ethyl-3-oxo-3,4-dihydro-2H -benzo[b]
[1,4]thiazine-2-carboxylate (3fi).White solid: mp 105–107 ˚C;
1H NMR (500 MHz, CDCl3) δ 8.98 (br s, NH), 7.35 (d, J = 2.2 Hz,
1H), 7.18 (dd, J = 8.5, 2.2 Hz, 1H), 6.85 (d, J = 8.5 Hz, 1H), 4.20-
4.11 (m, 2H), 2.30-2.20 (m, 2H), 1.16 (t, J = 7.3 Hz, 3H), 1.12
(t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 168.9, 166.2,
134.9, 129.2, 128.0, 127.8, 120.9, 118.0, 62.9, 56.4, 26.1, 14.2,
9.8; IR (KBr) 3190, 2960, 1726, 1477, 1363, 1228, 823, 547 cm−1;
MS 299, 198, 170, 95, 69, 45, 29; Elemental analyses calcd for
C13H14ClNO3S: %C, 52.09; %H, 4.71; %N, 4.67; %S, 10.70. Found:
%C, 52.17; %H, 4.58; %N, 4.88%; %S, 10.99.
3. Results and discussion
First, the conditionswere optimized using the unsubstituted
parent reactants, 1a and 2a, in ionic liquid [bmim][NO3]
(Table 1). The best results were obtained when the reactants
were mixed in the IL at room-temperature, giving 83% of
3aa after 2 h (entry 1). With no IL, no product was obtained
after a long reaction time, illustrating the promoting effect
of the IL in the catalysis of the reaction. Under optimum
conditions, the same reactions of 1a with 2b and 2c gave high
yields of the respective products within 2–24 h (entries 2–3).
Electron releasing- (entries 4–5) and electron withdrawing
substituted thiophenols (entries 6–7) also annulated with 2-
bromoalkanoates to provide high yields of products, 3bb–3de,Figure 1: Efficient recovery of the catalyst.
in relatively short time periods. Reactions of 1 with lactone
2f also proceeded efficiently to produce 2-hydroxyethyl
substituted products (entries 8–10). To further illustrate the
generality of themethod,we applied optimumconditions to the
reactions of1with 2-bromo-2-alkylmalonates2g–i. Thiophenol
1a rapidly reacted with 2g–h to produce 3ag–3ah 90%–92%
(entries 11–12). In the same manner, 1c and 1f gave high
yields of their respective products when they were subjected
to reaction conditions (entries 13–17).
It is noteworthy that all reactions take place in one pot
and at room temperature within short time periods, and
products are obtained by a simple ethereal extraction. In the
majority of cases, concentration of the ethereal phase at low
pressure resulted in precipitation of the products, allowing an
easy purification by recrystallization from ether and avoiding
column chromatography separation. As a result of this, the
IL was recovered and reused in subsequent reactions without
significant loss of activity. This is shown for five reactions of 1a
with 2a, in a row, in Figure 1.
Based on these results, a mechanism can be offered for the
procedure, as shown in Figure 2. Initially, removal of the proton
of 2-aminothiophenol 1 by nitrate anion leads to the formation
of the thiophenolate moiety. The thiophenolate then attacks 2
to produce the intermediate 12. On the other hand, the IL itself
A. Sharifi et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 555–560 559Figure 2: The proposed mechanism.
as a polar medium helps the process by easing the dissociation
of the acidic proton of the thiol group and also by coordination
to the carbonyl group of the intermediate to facilitate the final in
situ annulation. Similar mechanisms are offered for some other
IL mediated reactions [33,34].
4. Conclusion
This procedure presents a very convenient route to differ-
ent benzothiazin-3-ones derivatives, because the cyclization
takes place in one-pot, starting from 2-aminothiophenols and
2-bromoalkanotes with different steric and electronic charac-
teristics. Moreover, the reaction proceeds chemoselectively at
room temperature, giving high yields of the products in short
time periods, and the IL is efficiently recyclable.
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